Background: Carbapenem-resistant Enterobacteriaceae (CRE) with acquired metallo β-lactamase (MBL) resistance have been increasingly reported worldwide and associated with significant mortality and morbidity. Here, an outbreak of genetically related strains of Klebsiella pneumoniae producing the imipenemase (IMP)-1 MBL in a medical intensive care unit (MICU) in Korea is reported. Methods: Since isolating carbapenem-resistant K. pneumoniae (CRKP) at the MICU of the hospital on August 10, 2011, surveillance cultures for CRE in 31 hospitalized patients were performed from August to September 2011. Carbapenem resistance was determined based on the disk diffusion method outlined in the Clinical and Laboratory Standards Institute guidelines. Polymerase chain reaction (PCR) was performed for genes coding for β-lactamase. Associations among isolates were assessed via pulsed-field gel electrophoresis (PFGE). In addition, a surveillance study of environmental cultures and health-care workers (HCWs) was conducted in the MICU during the same time frame. Results: During the study period, non-duplicated CRKP specimens were discovered in four patients in the MICU, suggestive of an outbreak. On August 10, 2011, CRKP was isolated from the sputum of a 79-year-old male patient who was admitted to the MICU. A surveillance study to detect additional CRE carriers by rectal swab revealed an additional three CRKP isolates. PCR and sequencing of the four isolates identified the presence of the IMP-1 gene. In addition, PFGE showed that the four isolated strains were genetically related. CRE was not identified in specimens taken from the hands of HCWs or other environmental sources during surveillance following the outbreak. Transmission of the carbapenemase-producing Enterobacteriaceae strain was controlled by isolation of the patients and strict contact precautions. Conclusions: This study shows that rapid and systemic detection of CRE and strict infection controls are important steps in preventing nosocomial transmission.
Introduction
Klebsiella pneumoniae is one of the major causes of nosocomial intraperitoneal, urinary tract, and primary bacteremia infections [1] . While carbapenem antibiotics are fairly stable against β-lactamases in the Enterobacteriaceae, the numbers of carbapenem resistant gram-negative strains are on the rise. The most common mechanism of carbapenem resistance in gram-negative bacteria is the production of β-lactamases [2, 3] that incite carbapenem hydrolysis, most commonly through the production of metallo β-lactamases (MBLs) and class A and class D enzymes [4, 5] . Imipencc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. emase (IMP)-1 was the first identified MBL [6] , and plasmid-mediated class B β-lactamases are classified into three major molecular groups: Verona integron-encoded metallo β-lactamase (VIM), IMP, and Sao Paulo MBL.
IMP and VIM MBLs are increasingly reported in Asia, Europe, and America [7, 8] , and MBL has been sporadically reported in K. pneumoniae. IMP-1 β-lactamase produced by K. pneumoniae has been reported in Brazil [9] , Singapore [10] , and Japan [11] , while IMP-8 production by K. pneumoniae has been reported in Taiwan [12] .
In South Korea, carbapenem resistance in both Escherichia coli and K. pneumoniae remained below 1% until 2009, and there have been sporadic reports of carbapenemase-producing Enterobacteriaceae since then [13] . In Korea, sentinel surveillance of 6 multidrug resistant pathogens, including carbapenem-resistant Enterobacteriaceae (CRE), has been performed via revision of a precautionary measure of communicable diseases. In 2011, 26 cases of carbapenemase-producing Enterobacteriaceae (CPE) were identified: New Delhi metallo β-lactamase (NDM)-1 (8), IMP (7), and Klebsiella pneumoniae carbapenemase (KPC)-2 (5) [14] . 174 cases of CPE were reported in 2014. Among them, the most common Enterobacteriaceae was K. pneumoniae (104, 59.8%), and the carbapenemase was OXA-232 (48, 27.6%). Two cases of IMP-1 were reported (1.1%) [15] .
There was a report of an outbreak of IMP-1 β-lactamase- 
Materials and Methods

1) Setting
The hospital of this study is a 947-bed tertiary hospital and the MICU contains 9 beds, including 2 isolated wards. After the first report of isolation of carbapenem- 
2) Surveillance
Information from CRKP patients was retrospectively 
3) Infection control activities
After the initial CPE colonizations were recognized, an infection-control investigation was initiated and interventions were implemented. Infection-control interventions included temporary unit closure, use of cohort and contact isolation precautions for colonized patients, handwashing facilities, intensive cleaning of rooms and the unit of colonized patients (as a second step in the cleaning process), unit-targeted education of hospital staff, and re-enforcement of existing infection control policies.
Patient-and room-specific procedures were continued until hospital discharge.
4) Microbiological and molecular investigations
CRE was defined as Enterobacteriaceae that is nonsusceptible to one or more of the following carbapenems: doripenem, meropenem, ertapenem, or imipenem. All (Table 1) .
Associations among strain isolates were assessed via XbaI PFGE. The bacterial DNA was cut with XbaI (New England Biolabs, Beverly, MA, USA) and isolated in 1.2% agarose gel (in 0.5× TBE buffer) using the CHEF Mapper apparatus (Bio-Rad Laboratories, Hercules, CA, USA).
5) Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows, version 23.0 (IBM Corp., Armonk, NY, USA). Correlations between CRE carriers 
6) Ethics statement
The Institutional Review Board at Kosin University
Gospel Hospital approved the present study.
Results
During the study period, non-duplicated CRKP specimens were discovered in four patients in the MICU, suggestive of an outbreak. Vancomycin-resistant enterococcus was also isolated from her rectal specimen. All four patients who tested positive for CPE were supported by endotracheal intubation, mechanical ventilation, central vein cannulation, and an indwelling urinary catheter ( Table 2 ). The beds of patients with overlapping MICU stays were not adjacent and were separated by another bed.
Antibiotic susceptibility tests for the strain isolates from these four patients revealed that all of the CPE strains were resistant to different types of antibiotics, with the exception of amikacin and gentamicin (Table 3) .
MBL production was confirmed in the isolated strains, and PCR and nucleic acid sequence analysis confirmed the presence of the blaIMP-1 gene. All of the four isolated strains were MHT positive (Table 4 ). In addition, PFGE showed that the four isolated strains were genetically related (Figure 2 ). CPE was not identified in the specimens taken from the hands of health-care workers or other environmental sources during environmental surveillance following the outbreak. The outbreak was terminated after all colonized patients of CPE were transferred to a separate isolation unit and there was no additional CRE identification for two weeks after the last reported case. Three negative perianal cultures obtained at weekly intervals were suggested as a criterion for discontinuation of contact precautions. Surveillance rectal swab cultures for all newly admitted patients at the MICU were performed, and there were no additional CRE identifications. Active surveillance culture for CRE by rectal swab has continued for all patients admitted to the MICU to date.
In the analysis of risk factors for CRE isolation, there were no significant differences compared to non-CRE carriers (Table 5) . Transfer from another hospital, underlying diseases (diabetes, chronic liver disease, malignancy, and heart failure), use of medical devices, and antibiotics therapies were analyzed. Final outcomes and hospital days were also compared between CRE carriers and non-CRE carriers.
Discussion
All four patients who tested positive for CPE received piperacillin or cephalosporin, not carbapenem, before isolation of MBL-producing CRE. There have been reports that in addition to β-lactams, several types of antibiotics, including fluoroquinolone and vancomycin, have been associated with CRE carrier status and infection [18] [19] [20] . Therefore, antibiotic management focused on the reduction of overall use of antibiotics, as opposed to a focus on specific antibiotics, may be the most effective method to reduce the incidence of CPE. In addition, given that the four patients were hospitalized for an average of 22 days at the MICU and total hospital stay would have been longer because they were transferred to the hospital, the use of a central vein cannula, indwelling urinary catheters, and mechanical ventilation may also be related to CPE infection [19] . Other studies have also reported that CRE was confirmed from medical equipmentrelated infections, particularly catheter-related urinary tract infections [21] . As use of medical equipment is an easy mediator for pathogen colonization and infections, limiting the use of invasive equipment may be another important method of preventing CPE infection [21] .
Patel et al. [19] reported that CRKP infection and colonization are more highly associated with longer hospital stays for patients who have received solid organ or stem cell transplantation and are on mechanical ventilation, as compared to carbapenem-sensitive K. pneumoniae infection and colonization. Malnutrition and treatment in the ICU are other known risk factors for CRKP [20] .
In this study, there was no significant risk factor for CRE carriage. Limitations include the small number of subjects and the fact that all were admitted to the MICU.
Further well-designed studies of CRE carriage/infection should be done to establish best practices for prevention of CRE transmission.
In the present study, CPE was not isolated from environmental cultures, including the hands of medical staff.
This may be due to temporary or short-term colonization [22] ; however, the exact mechanism of transmission could not be confirmed. Several studies have suggested that isolated strains frequently contaminate the surround- ing environment during an outbreak [23, 24] , and some mutant strains may survive for months, even on dry surfaces [25, 26] positive for CPE must be treated with contact precaution, and some experts even argue that these patients should be cohorted [29] . In addition, if CPE infection is confirmed through a culture or point prevalence survey, the corresponding institution must consider performing surveillance cultures for patients that are epidemiologically related to the isolated patients [30] . The purpose of such cultures is to verify additional unrecognized patients with CPE colonization who can potentially transmit the bacteria.
In conclusion, the present surveillance culture study of an IMP-1-producing K. pneumoniae outbreak in an ICU suggests that it is important to monitor the progression of colonization or infection through rectal swab tests and environmental assessments. As CPE can pose threats not only to a single institution but also the entire local community, the role of public healthcare is especially important for the prevention of CPE, and occurrences of CPE, including carbapenemases, should be the subject of continuous monitoring.
